We discuss the observational history of the Wolf-Rayet object WR 46 (WN3p), including a reinvestigation of the original discovery plates from early this century. We find that the reported presence of N iii lines is a mis-interpretation of N v lines and conclude that the object did not change its spectral type since the first recording one century ago. We performed photometric monitoring in the period 1986-1999, and confirm that the object shows cyclical variability on a time scale of hours. The shape of the light curves varies from purely sinusoidal to irregular, and from an amplitude of nearly 0. m 1 to constancy. In addition, night-to-night variability of the mean brightness causes folded light curves to display a large scatter. We investigate the frequency behaviour of the photometric data. From the periodograms of our two large data sets, in 1989 and in 1991, we identify frequencies of significantly different values 7.08 cd −1 and 7.34 cd −1 , respectively. Moreover, the 1989 data show strong evidence for an additional frequency fx = 4.34 cd −1 . The periodograms of our eight smaller data sets show more ambiguous behaviour. We discuss whether these latter data show evidence for multi-frequency behaviour, or whether they can be reconciled with a single clock with a changing clock-rate. As pointed out by van Genderen et al. (1991) , if the data are folded using twice the single-wave period, the light curves appear ellipsoidal with unequal minima. Although the difference in depth of the minima is hardly significant, it does occur in both large data sets. Moreover, the simultaneously obtained radial velocity measurements are in better agreement with the double-wave than the single-wave period (Paper II). Finally, Marchenko et al. (2000) observed WR 46 to have a single-wave period of the same order as the double-wave period identified here. The periodograms of the (V -W ) colour index show that the colour changes are controlled by single-wave frequencies, or their sub-harmonics (double-wave periods), but not by fx. The colour variation of WR 46 is peculiar in the sense that the object is red when bright and blue when faint. Although the spectrum of WR 46 has been suggested to originate from a stellar disc, this peculiar colour behaviour is in line with its WR nature, which is also confirmed by its spectral variability (Marchenko et al. 2000; Paper II). In addition, our seasonal photometric averages of WR 46 show a rise from 1989 to 1991 of 0. m 12, confirming the brightening detected by the Hipparcos-satellite (Marchenko et al. 1998 ). Eventually, WR 46 brightened by about 0.
Introduction
The Wolf-Rayet (WR) object WR 46 = HD 104994 = DI Cru (WN3p) shows remarkable variability. Its shortterm variability seems to be driven by a low-mass close part newly obtained data. We investigate its cyclical short-term variability and the intriguing long-term photometric behaviour of the object. In Veen et al. (2002a) (hereafter Paper II) we present simultaneously obtained spectroscopy and search for confirmation of the photometric periods. We discuss the line-flux and radial-velocity curves when folding with the identified periods. The apparent time-delays between the different emission lines confirm the stratified nature of the WR stellar wind. Because the interpretation remains ambiguous, it is presented completely separate in a third paper (Veen et al. 2002b; hereafter Paper III) . In addition to a binary model, non-radial pulsation is also discussed as a possible origin of the variability. Moreover, the variability is compared to other short-periodic variable WR stars. Finally, Veen & Wieringa (2000) present upper limits to the radio flux of WR 46.
Observational history
As given in the bibliography accompanying the VIth Galactic Wolf-Rayet Catalogue (van der Hucht et al. 1981) , the object WR 46 was first recognized as a WR-like object by Fleming (1910 Fleming ( , 1912 and listed as CPD−61
• 2945. She measured the objective prism plates of the Henry Draper Memorial, and derived a magnitude of 9. m 6. Cannon (1916) describes the spectrum of CPD −61
• 2945 as follows: "The spectrum appears to consist of two bright lines at 4686 and 4638, of nearly equal intensity, and superposed on a strong continuous spectrum". However, since the early fifties (Smith 1955 ) the spectrum shows, next to the He ii 4686 line, the N v line at 4604-19Å instead of the N iii line at 4638Å. Therefore, we re-investigated the old photographic plates.
Three early plates (1899, 1902, 1908) of the Harvard Observatory collection with a spectrum of WR 46 were recovered for us by Dr. M. Hazen. Polaroid photographs were taken from these originals with an enlargement of a factor three. The 1908 plate used by Cannon (B38828 = #333 in her numbering) has a resolution of ∼500Å mm −1 and shows the object vaguely. However, on the discovery plate of 1899 with a resolution of 140Å mm −1 the spectrum clearly shows a line 75 (±10)Å shortward of the bigger He ii 4686 line, confirming the N v line identification. The 1902 plate (A5798) also has the higher resolution, but shows the object very faint. Yet, it seems to confirm the N v identification. Therefore, we assume that Cannon, possibly also in other cases (e.g., the WN3 star WR 152), has mistaken the N v line for the N iii line. This is understandable because of the low spectral resolution of her plates, especially since the possibility of a line occuring at around 4610Å due to N v may not have been known to her. The persistent nature of the N v emission lines and of the low intensity of the He-Pickering lines leads us to conclude that WR 46 did not change its spectral type since then. Note, however, that Paper II deals with (cyclic) variability of various emission lines. Payne (1930) questioned the WR nature of WR 46 by classifying it as W? without any further comment. Smith (1955) was the first to publish a spectrum of WR 46 and noted the presence of emission lines O vi 3811-34, leading to its label "peculiar". Another spectrum was presented by Smith (1968a) showing only its line complex around 4650Å. In her photometric investigation of WR stars Smith (1968b) suspects WR 46 to be variable. Table 1 summarizes most previous photometric investigations and identifications of WR 46. Furthermore, WR 46 has been investigated for circumstellar nebulosity by Marston et al. (1994) , who found none in Hα within a region of 31 × 31 . Discussion on the distance of the object is given by Veen & Wieringa (2000) and van der Hucht (2001) . The first evidence of short-term photometric variability by WR 46 was presented by Monderen et al. (1988) . Based on additional photometric monitoring obtained in , van Genderen et al. (1991 demonstrated that, if phased with a period of 0.2824 d (f = 3.541 cd −1 ), the light-and colour-curves show a double-wave with an amplitude in V of 0. m 1. In that paper the variation is considered to be due to rotation of a distorted star in a close binary system. The ratio of the depths of both minima was interpreted as a measure (∼10% in size) of the distortion of the luminous WR component. The scatter around the mean light curve amounting to 0. m 07 was ascribed to instability of the continuum forming layer.
A preliminary radial-velocity curve was also presented and later discussed in more detail by . Van Genderen et al. (1991) suggested that the companion of the WR star could be a low-mass object, possibly a compact object. Veen et al. (1995) and Niemela et al. (1995) confirmed the radial-velocity variability of WR 46, though with a larger amplitude. Furthermore, long-term variability, unique among the WR stars, is uncovered from photometry by the Hipparcos-satellite during 1989-1993 (Marchenko et al. 1998; see Fig. 13 of the present paper). Veen et al. (1999) suggested that such long-term brightenings are recurrent and showed that a similar behaviour is also evident in the equivalent widths (EW ) of the emission lines (see also Paper II). Crowther et al. (1995, hereafter CSH) applied their non-LTE "WR standard model" to WR 46, analyzing its ultraviolet, optical and infrared spectrum. The results are similar to those obtained by Schmutz et al. (1989) , Hamann et al. (1995a) , and Hamann & Koesterke (1998) . CSH concluded that the group of weak-lined WNE stars, to which WR 46 belongs, are as hot and luminous as the strong-lined WNE stars, but with lower mass-loss rates by an order of magnitude. Moreover, the position of WR 46 itself in the theoretical HR-diagram seems outstanding since it appears even hotter and brighter, and thus beyond any evolutionary track of single WR stars (see their Fig. 9 ).
In line with the suggestion by Niemela et al. (1995) , Steiner & Diaz (1998) proposed WR 46 to be a member of a class of evolved hot emission-line binary systems, so-called "V Sagittae stars", newly introduced by these authors. In their view, this class consists of four objects (including the prototype) two of which are also classified as WR stars, viz. WR 46 and WR 109. Their class is suggested to be related to the Super Soft X-ray Sources (SSS), where accretion discs feature prominently. Discussion about this controversy is deferred to Paper II.
Observations and reduction

Walraven photometry
Between 1986 and 1991, observations of WR 46 were obtained using the Dutch 90-cm telescope at ESO (La Silla, Chile) equipped with the simultaneous five-colour photometer of Walraven (VBLUW). The photometric system is described by Lub & Pel (1977) and details on the pass-bands are given by de Ruiter & Lub (1986) . The data were obtained by different observers as listed in Table 2 . WR 46 was observed together with WR 50 (LSS 3013 = TH 17 − 84, WC7+a), both relative to the comparison star HD 108355 (HR 4736, B8 IV), as follows: sky-C-46-50-C-46-50-C-sky, etc. (except for the only night in 1986 by Monderen et al. 1988 ). The observations of WR 50 will not be discussed here. Integration times were 30 s for the comparison star and 2 min for the program stars and the sky background. The aperture was 16. 5. All data were calibrated by means of standard stars measured throughout each night.
The mean photometric properties of the comparison star are listed in Table 3 . For each data set we list the mean magnitudes and colours of WR 46 in Table 2 . The relatively large standard deviations for WR 46, especially in V , reflect its variability. The photometric parameters in the Walraven system are in log I scale (i.e., magnitudes divided by −2.5). Throughout this paper magnitudes will be indicated explicitly using superscript "m". For normal absorption-line stars the Walraven scale can be transformed to Johnson V J and (B − V ) J by the formulae of Pel (1986) :
However, for an emission-line object like WR 46, systematic differences can be introduced of the order of a few tenths of a magnitude (see also Duijsens et al. 1996 on WR 6). The V J and (B − V ) J values are only meaningful for the comparison star HD 108355 (cf. Table 3 ). The photometric quality of each night was judged from a large number of observations of other program and comparison stars. Furthermore, every single observation made by the Walraven photometer is split into two halves and the difference between them is a measure of the quality. Based on this we rejected several data points. The resulting light curves for the V -band are shown in Fig. 1 (1988) (1989) (1990) and Fig. 2 (1991) .
U C V 99 R 194 single channel photometry
In April 1995, the Walraven photometer was dismantled, and we used the ESO 50-cm telescope with a single channel photometer. We obtained differential magnitudes relative to HD 105150 (A0/1 V) (Slawson et al. 1992 , see Table 3 ). We used the Cousins U C (ESO#556) filter, and the V (ESO#99) and R(ESO#194) filters, which were selected to receive mostly continuum light (see Fig. 14) . We used the differential V magnitude to approximate the absolute V J magnitude as listed in Table 3 . The atmospheric extinction information was supplied by Burki (1996, private communication) . The resulting V light curve in magnitudes is shown in Fig. 3. 
(UVR) B CCD photometry
In February and May 1998 the Dutch 90-cm telescope was used again, now with a CCD (ESO#33) photometer attached. The standard Bessel U B (ESO#634), V B (ESO#420), R B (ESO#421) filters of the Dutch telescope were used. We also observed the comparison star HD 105150 in order to link the photometry to the observations from 1995. We performed differential photometry with respect to stars within the CCD-frame (Fig. 4) . The mean values are listed in Table 3 and the resulting V light curves are presented in Figs. 5 and 6. Table 2 . Summary of our photometric observations of WR 46. Column 1 lists the names of the observers and the identification of the data sets. Large data sets are printed in boldface. "(S)" indicates that in three or four nights simultaneous spectra were obtained (see Paper II). Columns 2 and 3 list the first and last night of the observing run and on the second line the actual number of nights and the total number of data points per filter. For the data sets up to 1991 the mean absolute photometric parameters in the Walraven VBLUW system (log I) and Johnson VJ and (B − V )J (in magnitude scale) are listed. Also indicated is the standard deviation (σ), which represents typically the stellar variability and the instrumental scatter for the colours within one night. For the 1995 data set differential photometric parameters are listed with respect to HD 105150 (see Table 3 ) in a selected UVR filter set (see text). For both data sets in 1998 we list the differential Bessel UVR magnitudes. Part of the data is discussed elsewhere, as indicated by footnotes to the table. The last column lists the time of phase zero: T0 = HJD(φ0) − 24 40 000. Slawson et al. (1992) . For the comparison star HD 105150, used in 1995 and 1998, Johnson magnitudes determined by Slawson et al. (1992) are listed. The Walraven measurements are in agreement with de Geus et al. (1990) . (Table 2 lists size of data sets).
In January and March 1999 the same set-up was utilized in the framework of the Long Term Photometry of Variables (LTPV) project (Sterken 1983; Sterken et al. 1995 and references therein). The Stromgren y-filter was utilized. It was possible to transform these data to the system of the 1998 V magnitudes because in two different nights a few measurements were practically simultaneously performed in both these filters. This data set will be discussed together with simultaneous spectroscopy by Marchenko et al. (2000;  hereafter referred to as MAB), with whom we agreed only to present and discuss the periodogram (following section). The mean values are listed in Table 2 and displayed in Fig. 13 .
V CCD photometry
One of us (WHA) obtained photometry using his private telescope (32 cm) with a ST 6 CCD attached, located in Marlborough, New Zealand. The telescope is located in a vineyard at sea-level but with a low level of light pollution. Exposure times of the CCD were 50 s. The data were reduced on site. Differential photometry was obtained with respect to star "b", and stars "c" and "d" were used as additional check (the letters refer to Fig. 4) . After a successful test run in March 1999 (not presented), three nights of intense monitoring were obtained. Because of strong variability of the comparison stars presumably 0due to instability of the earth atmosphere, one night was rejected. The two resulting light curves are shown in Fig. 7. 
Results
The frequency analysis
Figures 1-3, 5-7 present the observations in the various V -bands, except for the 1999-II data set which is displayed by MAB. Nights with only a few data points are not shown. The large variety in the shape of the cycles is striking. They vary from an ellipsoidal-type light A larger area of the sky can be found in the finding chart in the catalogue by van der Hucht et al. (1981) . The stars labeled "a" through "e" were used to perform differential photometry in 1998, and in 1999-III.
curve (HJD 2447600, with unequal maxima), to near constancy (HJD 2448306). They show either prolonged stages near minimum light (HJD 2447206, and HJD 2447951) or near maximum light (HJD 2448304). So, the light curve changes drastically from cycle to cycle. In addition, the mean magnitude of a cycle is variable too, sometimes by more than 0. m 1 (log I = 0.04), sometimes even from one night to the next (see HJD 2448304-8305).
Although this variability of the cycles hampers the use of any period search algorithm, we investigated the various data sets in the visual filters using several techniques. In general, the different techniques agree well and we focus our attention to the analysis of variance (aov) (Schwarzenberg-Czerny 1989) . This technique uses phase binning, but in contrast to the phase dispersion method by Stellingwerf (1978) , its statistics is also well-defined for small samples. The expected value for a pure noise signal is 1, or, n corr for observations correlated in groups of size n corr . We used the aov-routine within midas, the ESOreduction package. The large data sets are sufficiently extended to detect periods reliably. We note that the comparison star is carefully checked and the differential photometry of WR 50-C does not show any of the peaks discussed below.
The large data sets
The upper panel of Fig. 8 presents the aov-periodogram of the 1989-II V data. A prominent peak related to the hourly variation can be identified at f sw = 7.08 cd −1 (0.1412 d), where "sw" means "single-wave".
Also indicated are its 1 cycle/day aliases (indicated as a sw ), and their sub-harmonics ( 1 2 f sw and 1 2 a sw ). In addition, we notice a strong peak at f x = 4.34 cd −1 (0.2304 d), with its 1/day aliases (a x ), where "x" means "unknown". The spectral window (bottom panel) indicates that these frequency peaks are not due to windowing (power spectrum is clearly offset from integer number of cycles and ratio of peaks is very different). The periodogram of the (V −W ) color index is shown in the middle panel. Although from this panel alone it is not obvious which peak is the alias of which, it definitely confirms the single-wave frequency and its aliases and subharmonics. However, the frequency f x is absent in the (V −W ) data, which means it is present in the V and W with equal light amplitudes, as is the case for the other continuum filters. We note that the double-wave period (= half frequency) is clearly present in the light variation, and is prominent in the color index. We note that the radial-velocity data (see Paper II) vary on a time scale of the double-wave period, though apparently not strictly periodic. Since also the folded light-and colour curves hint towards a doublewave structure, we will address that frequency specifically.
At this point we need to address the period identified by MAB of P = 0.329(0.013) d, which has its first harmonic at 6.08 cd −1 . Although the latter frequency is present in our data too (see above), we consider the evidence from the light variations in our data strongly in favour of a frequency at 7.08 cd −1 . Convincing evidence for this frequency is found in the simultaneous spectroscopic data; the difference being that the radial velocity in subsequent nights is in phase in the data of MAB, while our data shows them to be in anti-phase. In addition, we note that their individual light curves show indication for a doublewave (see their Fig. 2 ) but the light curve folded with their period shows a single dip (their Fig. 1 ). However, those authors refrain from interpreting this light minimum because of a lack of phase coverage. Further discussion of their result is deferred to Papers II and III. Figure 9 presents the same diagrams as in Fig. 8 , but now for the 1991-II data set. Again, both the V data and the (V −W ) color indices clearly indicate a single-wave frequency f sw = 7.34 cd −1 , with its aliases and the subharmonics. The periodogram of 1989-II is drawn (grey) fitted within the panel. None of the large peaks of the 1989-II and the 1991-II periodogram coincide. However, the false-alarm probabilities (FAP 1 ) of all of the peaks mentioned above are smaller than 0.01. We point out that the width of the frequency peaks depends on the time span of the data, and that both the f sw s are distinctly separated. Moreover, we repeated the analysis separately for the first half, and for the second half of both large data sets, and the same results emerge. Also correcting for the large night-to-night variations by subtracting the Fig. 4 ) in Bessel V in February 1998 (1998-I). The typical error bar is indicated in the first panel. As neither of the synthetic double-wave curves is preferred, both are shown dashed. mean intensity of each cycle, did not change the height or position of the various peaks. Furthermore, application of other period-search techniques (Fourier analysis, ScargleLomb periodograms) does not alter these results either. This significant difference of the period is most intriguing, as is the absence of a peak around f x in 1991.
The frequency range up to the Nyquist frequency (around 70 cd −1 ; not shown) of the data sets does not show any evidence for additional periods, e.g., not at the sum frequency of f x and f sw . The low end in the 1989 periodogram shows decreasing power, but there is, in addition to some aliases, a minor peak at f = 2.70 cd −1 which happens to be close to the difference between f sw and f x . At the low frequency end, the 1991-II data set shows much more power than the 1989-II data set. This can be considered to be due to larger night-to-night variability in 1991. Actually, the highest peak for the 1991 data set lies at 0.23 cd −1 and 0.77 cd −1 (N.B. 0.77 = 1−0.23) (with their one-day aliases). We consider it noteworthy that this frequency is equal to the reciprocal of f x , but we do not know whether this reciprocity is relevant, or simply incidental.
Because of the circumstantial evidence, i.e., different minima and radial-velocity variability (Paper II), we suggest that the double wave is the true period. We present the double-wave periods of the 1989-II and the 1991-II data sets:
respectively. The uncertainties are derived from assuming a phase-error of 0.2 over the whole observing epoch divided by the number of cycles that elapsed. The difference of 14 min between the two double-wave periods is significant. The amplitudes and other periodicities are listed in Table 4 . We investigated the presence of f x in the 1989-II data set by simulating the following double-wave light curve within the period-software of starlink (Dhillon & Privett 1997) :
The quarter phase difference between the sine waves produces unequal minima and equal maxima. Generic white noise was added to the light curve. We selected points from this noisy constructed light curve according to the times of observation. Subsequently, this data set is subjected to the same analysis as described above. These constructed periodograms look quite similar to the observed periodogram (Fig. 8) , except for the large peaks at the frequency f x and its aliases, which are absent. Thus, we presume that this Fig. 8 , but now for 1991-II data-set. For comparison the 1989-II periodogram is shown in grey. It is evident that the two periods (with aliases and subharmonics) of these data sets differ significantly. Since the shapes of the accompanying light curves are similar, we suggest that the characteristic period of the system decreased by 3.5%.
frequency may indeed be intrinsic to WR 46, apparently without any colour variation. This frequency is not recovered from the 1991-II data, although there is an intriguing set of aliases at 3.59, 4.59, and 5.59 cd −1 . The difference between these peaks and f x and its aliases equals the difference between the single-wave frequency in 1989-II and in 1991-II. We have no explanation for this coincidence.
The small data sets
In contrast to the extended data sets discussed above, the smaller data sets show an ambiguous frequency behaviour. Their frequency analysis does not result in a reliable period determination, which we attribute to small-number statistics and the high level of the additional variability from cycle-to-cycle. Nevertheless, we present their aov periodograms in Fig. 10 in order to see whether any of the peaks coincide with the 1989-II or 1991-II periods, or the period by MAB f MAB . Table 5 lists the occurence of the different frequencies as determined by MAB and in this paper (and Paper II). We can only conclude that these small data sets are not inconsistent with the periods as determined at other epochs. Table 4 . Periodicities in the large Walraven photometric data sets. The amplitudes Asine and A whit are determined by fitting a sine wave through the folded data, before and after prewhitening with the frequency indicated, respectively. The formal error from the fit is of the order 0.1 mmag. For the double-wave frequencies we list the depth of deep and the shallow minimum relative to the maximum. These depths have typically a mean error of 8 mmag, and a standard deviation of 25 mmag. data set id. However, we do not exclude the possibility that yet other frequencies controlled the variability. We address the question whether the observations can be interpreted as a result of a rapidly-increasing clock rate. If so, we have to assume that the true period in the data by MAB is the one-day alias at 4.04 cd −1 , although those authors consider this alias unlikely though not impossible. On the basis of the small data sets it cannot be concluded that the data is inconsistent with an increasing clock-rate. If this view is correct, the clock rate seems not to change smoothly. The rate of change may be related to long-term brightenings of the object (See Sect. 4.3). Summarizing the frequency analysis, it is evident that there is not a single clock with a constant rate underlying the photometric variability of WR 46, since the different periods in 1989 and 1991 are firmly established. Moreover, there is strong evidence for multi-periodicity because of the occurence of a second period (f x ) in 1989 and 1990. Yet, the observations do not exclude the possibility that the dominant variation, which also affects the (V −W ) colour index, is controlled by a single clock with a rapidly varying (increasing) clock-rate.
Folded light-and colour curves
To investigate the difference between the 1989-II and 1991-II periods, we fold all the photometric data with both periods. Figure 11 (left) shows all V data folded with the longer 1989-II period and, (right), folded with the shorter 1991-II one. We use for each season a separate zero point T 0 (see Table 2 ) for the computation of the phases, since the large gaps between the data sets, and the change of the apparent period prevent the determination of one single ephemeris. We have chosen the zero points such that the data sets display, where possible, a deep minimum at phase zero. We note that the boxes neighbouring the fat boxes show that in both cases the period of the other data set should be rejected, confirming the change of the period. This is substantiated by folding the colour curves (V −W ) using the "wrong" period (Fig. 11) , which is even more convincing. Figure 12 displays the light-and colour-curves of the two extended data sets 1989-II and 1991-II, each folded with their own double-wave period. The double-wave character is apparent, and its significance is investigated below. The typical colour behaviour, i.e., red when bright, is also evident. Due to the relatively large changes in mean brightness and amplitudes, the vertical scale of the 1991-II light curves is shifted downward by log I = 0.045 and reduced by a factor 1.6 compared to that of 1989-II. The scales for the colour curves in the bottom half of Fig. 12 are equal for both data sets. Apart from the usual colours (V −B), (B−L), (B−U ), and (U −W ), also (V −W ) is shown. The latter colour index spans the largest wavelength range, and represents therefore the largest colour changes. In constructing the 1991-II light curve, we removed the rising trend of about 0. m 1 as can be observed in Fig. 2 and in the insert in Fig. 13 . The white-on-black curves have been constructed as running means over a phase interval of ∆φ = 0.06, with steps of 0.03 in phase.
The depths of the deep and the shallow minima are listed in Table 4 . We applied the Student's t test (Press et al. 1986 ) to a phase interval 0.1 around both minima. The observed differences in 1989 of 0.005 log I and in 1991 of 0.009 log I are this large (or larger) by chance, are 26% and 38%, respectively, after correction for the correlation of the data points within one night. The shallow minimum of the 1989-II data is bluer by 0.003 log I than the deep minimum. The chance that this is accidental is 7%.
These corrected percentages cannot be considered as convincing evidence that the light minima differ. However, effectively we have measured the difference twice (once in 1989 and once in 1991). Thus, we may multiply the probabilities, and find that there is 10% chance that one finds such a large difference between the two minima twice by chance. We conclude that there is strong photometric evidence that the true period is twice the single wave period. Note that our spectroscopy confirms this thesis (see Paper II).
To characterize the variability we note that its time scale is of order 0.3 d. Furthermore, the multi-colour photometry shows the object to persist in its colour behaviour (redder when brighter, i.e., a larger amplitude towards the red), which is substantiated by the variances around the mean as listed in Table 3 . Moreover, this colour behaviour is also found in the observations by MAB. Discussion of the changes of the periods determined here and the one by MAB is deferred to Paper III. Figure 12 illustrates, in addition to the change of the period, the double-wave nature, and the colour behaviour, also the long-term light-and colour variation between 1989 and 1991. First of all, the object was brighter in 1991 by about 0.
The long-term photometric variation
m 12 (=0.048 log I in Table 2 ). Hereby, we confirm the long-term photometric behaviour of WR 46 as revealed by the Hipparcos satellite (Marchenko et al. 1998) . These authors noted that its brightness increased from 1989 to a maximum ∆H p 0. m 25 by the end of 1991 and decreased to the 1989-brightness in the course of 1993 (see Fig. 13 ). We note that the brief excursion on JD = 2448312 is in line with the almost simultaneous Walraven photometry (see insert in Fig. 13) .
Secondly, the mean amplitude of the light curve is larger in 1991 by roughly a factor 1.7 (note the difference in the right-and left hand side ordinate scale in Fig. 12 ). Furthermore, also the scatter around the mean light curves caused by the differences from cycle to cycle, increased roughly by a factor 1.6, while the scatter around the colour curves increased only by a factor of 1.2. We note that except for these changes, the character of the variability, or the general shape of the light curve did not change. Both the unequal minima, although only marginally significant, and the colour behaviour persisted during those years.
The mean colours changed as can be seen in Fig. 12 , though at most by 0. m 020. It appears that the line emission can explain the intricate up-and downwards changes of the mean colours. We produced an average spectrum of each spectral monitoring data set and folded this with m 12, and enlarged by a factor 1.6. The accompanying colour variations (lower curves) have identical vertical scales (left and right) but are enlarged by a factor of 3 compared to those of the light curves. (Hamann et al. 1995b ) with the fwhm indicated for the respective pass bands used in the present paper. As to the wavelength range not covered by the spectrum, the N iv 3480Å line could be present according to Smith et al. (1996) . The spectrum by Massey & Conti (1983) does display the line significantly, while that of Smith (1955) does not show any sign of this emission line. The He ii 3203 (5-3) line has been detected in 1991 by IUE (image number lwp10528) at almost twice the continuum flux. The emission-line contribution to the different pass bands is obvious. the pass-bands covering the sampled spectral range (see Fig. 14) . Table 6 lists the results for 1989 and 1991. Because of the larger increase of line contribution to the B-pass-band (2%) than the V -pass-band (1%), the object should become bluer in (V −B), while this colour index remained constant. Apparently, the continuum emission has reddened by 1% (0. Furthermore, we note that the contamination by emission lines of the Hipparcos pass band increased considerably more (∼4%) than the Walraven V band (∼1%), thus explaining the larger rise in brightness (∼3%) as observed by the satellite. Altogether, this implies that, while the continuum rose, the line flux increased even more. For instance, the line flux of the large line complex of N v 4603/19 and He ii 4686 increased by roughly 60%, as the EW -measurements show (see Paper II). Figure 13 presents an overview of the mean magnitudes of all observed seasons. The differences should be considered with caution when observed using different photometers (different symbols). Yet, from Table 2 it is apparent that the mean magnitude decreased 0.
m 10 between February 1998 and May 1998 (see also Table 3 ). In 1999, the system appears to brighten by 0.
m 07 from January to April. The 1995 mean brightness is computed relative to the same comparison star as in 1998 and appears to be at a rather low photometric level. In addition, there is a hint of a rising trend over the whole decade, however its significance cannot be investigated because of the use of different instrumentation. Moreover, the observations as listed in Table 1 are inadequate to investigate its photometric behaviour over the last century. This issue will be re-addressed using the available spectra (Paper II).
The long-term brightening of WR 46 is unique among WR stars in the Hipparcos survey of 67 such stars (Marchenko et al. 1998) . Furthermore, assuming that the long-term light curve is not sinusoidal but better described as a single event (possibly recurrent), we do not recognize the shape of the light curve as characteristic for a specific phenomenon, e.g., it does not look like S Dor-(LBV)-pulsations (WR stars are supposed to be descendants of S Dor variables), nor does it resemble long-term behaviour of Super Soft Sources, or that of V Sge (Šimon & Mattei 1999) , an object to which WR 46 has been erroneously suggested to be related (Paper II).
In summary, we suggest that on a time scale of months to years WR 46 shows irregular cycles with an amplitude amounting up to ∼0. m 3. Our photometry confirms the brightening in 1991 and suggests that another brightening occured in the course of 1997 and a third one peaking in the year 1999 or 2000. We suggest that the period change from 1989 to 1991, the possible slight reddening, and the change of amplitude is related to the so-called Hipparcosbrightening. If so, the incompatibility of the 1998 and 1999 data with P 89 and P 91 may be related to the brightenings in those years.
Summary
The photometric observations of WR 46 can be summarized as follows, with respect to its short-term variability:
1. the periodograms display a dominant frequency P sw = 0.14 d, 2. the light curve shows probably a double wave with unequal minima of on average a deep minimum of ∼0. m 04-0. m 07 and a shallow minimum of 0. m 03-0. m 05, 3. an additional frequency (f x ) occurs in 1989 within one large data set (1989-II), 4. the frequency spectrum of the colour variability only reveals f sw , with its aliases and (sub-)harmonics, 5. its colour turns red when bright and blue when faint, 6. the colour curve in 1989 indicates that the shallow minimum is possibly bluer than the deep minimum, and, with respect to its long-term variability:
7. peculiar irregular cycles occur up to 0. m 3 unique among WR stars, 8. at least one long-term brightening was accompanied by a slight reddening, 9. possibly, the long-term brightenings are related to changes of the dominant frequency (f sw ); at least for the one well-observed case in 1991 we find: -a significant change of 3.5% of the (colour)-dominating frequency on the rising branche of the brightening. Although the brightness probably returned to its original level, the 1995 data suggest that the frequency change persisted, -the amplitude of the short-term variability increased by a factor 1.7.
As mentioned in Sect. 2, the spectrum of WR 46 has been alternatively interpreted as resulting from an accretion disc (Niemela et al. 1995; Steiner & Diaz 1998) . However, in Paper II we discuss that the colour behaviour is consistent with the continuum emerging from a hot star, and that the WR nature is strongly supported by its spectroscopic variability, in agreement with the conclusions by MAB. We conclude that the short-term variability can be understood either as a dominant mechanism controlling the light and colour and, possibly, radial-velocity variations (Paper II), which changes its frequency within years (a clock with variable clock-rate), while an additional frequency may affect the brightness. Or, the object can show various modes with different frequencies. In both cases the link with the mean optical brightness may be intrinsic: a true change of a clock rate may be accompanied by a brightening, and a mode switch may be related to brightness changes. Interpretation of these observations in terms of a model are deferred to Paper III.
